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THEFTPROOF TAG 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a theft monitoring tag for 

informing that an article is being stolen. 
2. Description of the Related Art 
A theftproof tag is conventionally disclosed in Which a 

resonance circuit of the tag attached to an article resonates 
With an electric Wave at a speci?ed frequency output from a 
Wave transmitter, a separation detecting means detects 
Whether or not the theft monitoring tag is separated from the 
article, and a separation informing unit controls a sound 
output on the basis of the detection output of the separation 
detecting means (Japanese Unexamined Patent Publication 
No. 8-185584). In this theftproof tag, the resonance circuit 
comprises an insulating dielectric thin ?lm and a conductive 
metallic foil formed in a predetermined shape on either side 
of the thin ?lm by etching or the like. For example, a coil 
unit is formed in a spiral form on the surface of the thin ?lm 
by using a conductive metallic foil, and a surface-side plane 
pattern of a capacitor connected to the coil unit is formed at 
the center of the spiral shape of the coil unit. 
A transmitting antenna and a receiving antenna are pro 

vided in a standing condition at the entrance of a store Which 
sells the theft monitored article at a predetermined distance 
therebetWeen, With these antennas being electrically con 
nected to a control unit. The control unit controls the 
transmitting antenna to transmit an electric Wave at a fre 
quency at Which the resonance circuit resonates, and checks 
the signal level of the received signal of the receiving 
antenna. A speaker is connected to the control output from 
the control unit for generating an alarm. 

In the theftproof tag constructed as described above, When 
a theft monitored article passes betWeen the transmitting and 
receiving antennas Without payment of money, the reso 
nance circuit of the tag attached to the theft monitored article 
resonates With an electric Wave transmitted from the trans 
mitting antenna, and the receiving antenna receives a 
received signal modulated to the receiving level. As a result, 
the control unit controls the speaker to generate an alarm, 
thereby preventing the article from being stolen Without 
payment of money. When money is paid for the article, a 
store clerk applies a strong electromagnetic Wave to the tag 
to break the capacitor so that the tag does not operate, or 
temporarily stops the alarm speaker so as not to generate an 
alarm. 

HoWever, in the conventional theftproof tag, the center 
line of the spiral coil unit eXtends perpendicularly to the 
attaching surface of the article, and thus the electric Wave 
transmitted from the resonance circuit passes through the 
article. Therefore, if the tag is attached to an article With the 
surface made of a conductive material such as aluminum, or 
a ferromagnetic material such as a steel sheet, the magnetic 
?uX generated in the resonance circuit passes through the 
article to change the self-inductance of the coil unit. Thus, 
the resonance frequency of the resonance circuit is changed 
to decrease the Q value, thereby causing the possibility that 
the tag Will not operate, as compared With a tag attached to 
an article With the surface made of an insulating material or 
a nonmagnetic material. Assuming that the angular fre 
quency is L, and the resistance component of the resonance 
circuit is r, the Q value is de?ned as L/r. It is knoWn that as 
the Q value increases, the loss due to an eddy current or the 
like decreases, and the resonance Width decreases. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a theftproof tag Which causes neither a change in the 
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2 
resonance frequency of a resonance circuit nor a decrease in 
the Q value of a coil unit regardless of the material of the 
surface of an article. 

It is another object of the present invention to provide a 
theftproof tag in Which a display plate bonded to the surface 
of a magnetic core member can be smoothed, thereby 
improving the appearance of the display plate and decreas 
ing the total thickness. 

In accordance With an embodiment of the present 
invention, there is provided a theftproof tag comprising a 
resonance circuit attached to a theft monitoring article, 
resonating With an electric Wave at a speci?ed frequency 
transmitted from a transmitting antenna, and comprising a 
coil unit and a capacitor electrically connected to both ends 
of the coil unit. 

This construction is characteriZed in that the coil unit 
comprises a magnetic core member made of a composite 
material composed of a poWder or ?akes of a soft magnetic 
metal and a plastic, and a Winding Wound around the 
periphery of the magnetic core member and connected to the 
capacitor, and in that a portion of the periphery of the 
magnetic core member faces the attaching surface of the 
article. 

The magnetic core member may be made of a sintered 
ferrite sheet, a composite material composed of ferrite 
poWder and a plastic, or a composite material composed of 
soft magnetic metal poWder or ?akes, a ferrite poWder and 
a plastic. 

In this theftproof tag, since the resonance circuit, Which is 
attached to an article With a surface made of a conductive 
material such as an aluminum sheet, or a ferromagnetic 
material such as a steel sheet, resonates to transmit an 
electric Wave in the magnetic core direction of the magnetic 
core member, i.e., substantially parallel With the attaching 
surface of the article, the electric Wave does not pass through 
the article and is thus not affected by the material of the 
article. As a result, the coil unit causes less change in the 
self-inductance regardless of the material of the surface of 
the article, and thus the resonance frequency of the reso 
nance circuit changes less, and the Q value of the coil unit 
is decreased less, thereby decreasing the resonance Width of 
the resonance frequency and improving the resonance prop 
erties of the tag. 

In accordance With the present invention, the soft mag 
netic metal is carbonyl iron poWder. 

In the present invention, the soft magnetic metal may be 
a reduced iron poWder. 

In the present invention, the soft magnetic metal may be 
formed in ?akes by further ?attening a soft magnetic metal 
poWder pulveriZed by atomiZation. 

In the present invention, the soft magnetic metal may be 
a ?ake-shaped amorphous alloy. 

In the theftproof tag of the present invention, the reso 
nance properties of the tag can be improved by forming the 
soft magnetic metal in an appropriate shape using any one of 
the above materials. 
The theftproof tag of the present invention is further 

characteriZed in that the article is made of a ferromagnetic 
material, and a nonmagnetic electromagnetic shielding sheet 
or electromagnetic shielding foil having conductivity is 
bonded to the coil unit facing the attaching surface of the 
article. 

In this theftproof tag, since the electromagnetic shielding 
sheet or electromagnetic shielding foil is bonded to the coil 
unit Which faces the attaching surface of the article made of 
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a ferromagnetic material, the portion of the magnetic ?uX 
emitted from the magnetic core member, Which passes 
through the portion of the article to Which the tag is attached, 
passes above the electromagnetic shielding sheet having 
high conductivity and does not pass through the article. 
Since the electromagnetic shielding sheet is non-magnetic 
and electrically conductive, it causes less hysteresis loss and 
substantially no eddy current. As a result, the article made of 
a ferromagnetic material does not in?uence the resonance 
circuit, and the coil unit is electromagnetically cut off from 
the article, thereby completely preventing a change in self 
inductance of the coil unit and a decrease in the Q value 
thereof. 

In the theftproof tag of the present invention, the capacitor 
is bonded to the coil unit facing the attaching surface of the 
article so that one of the electrodes of the capacitor also 
serves as the non-magnetic electromagnetic shielding sheet 
or foil having conductivity. 

In the theftproof tag, since the article is made of a 
ferromagnetic material, the article has no in?uence on the 
resonance circuit, and the coil unit is electromagnetically cut 
off from the article, thereby completely preventing a change 
in self-inductance of the coil unit and a decrease in the Q 
value. It is also possible to decrease the number of the parts 
required, and the total surface area of the tag. 

The theftproof tag of the present invention may comprise 
a single or a plurality of magnetic core members having 
different magnetic core directions. 

Therefore, there is little or no possibility that the tag Will 
be passed betWeen the transmitting antenna and the receiv 
ing antenna With the magnetic core members having core 
magnetic directions in Which the sensitivity deteriorates. As 
a result, it is possible to further improve the sensitivity of the 
tag and securely prevent the stealing of the article. 

The theftproof tag may further comprise a smooth 
recessed portion Which is formed to a depth substantially the 
same as the diameter of the Winding in the portion of the 
magnetic core member on Which the Winding is Wound so 
that the entire Winding can be contained therein. 

In the theftproof tag of the present invention, since the 
Winding is provided on the magnetic core member in the 
recessed portion thereof, the upper surface of the Winding is 
at substantially the same position as the upper surface of the 
magnetic core member, and the Winding does not project 
from the recessed portion. Therefore, it is possible to smooth 
the display plate bonded to the surface of the magnetic core 
member, improve the appearance of the display plate, and 
decrease the total thickness of the tag. 

The theftproof tag of the present invention may further 
comprise a plurality of recessed grooves formed in the 
portion of the magnetic core member around Which the 
Wiring is Wound so that the turns of the Wiring can be 
respectively contained therein. 

In the theftproof tag of the present invention, since the 
Winding is provided on the magnetic core member in the 
recessed grooves thereof, the Winding does not project from 
the recessed portion. Therefore, it is possible to smooth the 
display plate bonded to the surface of the magnetic core 
member, improve the appearance of the display plate, and 
decrease the total thickness of the tag. 

The theftproof tag of the present invention may further 
comprise a plurality of ?rst recessed grooves formed to a 
depth at least equal to the diameter of the Winding, and a 
plurality of second recessed grooves formed in a direction 
different from the ?rst recessed grooves to have a depth tWo 
times as large as the diameter of the winding. 
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4 
In the theftproof tag of the present invention, therefore, it 

is possible to smooth the display plate bonded to the surface 
of the magnetic core member, improve the appearance of the 
display plate, decrease the total thickness of the tag, and 
signi?cantly decrease or eliminate the probability that the 
tag Will pass betWeen the transmitting antenna and the 
receiving antenna With the magnetic core member in the 
direction to decrease the sensitivity of the tag. 

In the theftproof tag of the present invention, the capacitor 
is a chip capacitor bonded to or buried in the side of the 
magnetic core member. 

Therefore, in the theftproof tag of the present invention, 
since the capacitor is bonded to or buried in the side of the 
magnetic core member, the smoothness of the display plate 
bonded to the surface of the magnetic core member does not 
deteriorate. 
The chip capacitor may be provided in parallel With the 

core magnetic member. 
In the theftproof tag of the present invention, the coil unit 

is contained in a protecting case. 

In the theftproof tag of the present invention, therefore, 
since the fragile magnetic core member is protected by the 
protecting case, the magnetic core member can be protected 
from damage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional vieW taken along line I—I in FIG. 2 
shoWing a state in Which a theftproof tag in accordance With 
a ?rst embodiment of the present invention is attached to a 
attaching surface of an article; 

FIG. 2 is a sectional vieW taken along line II—II in FIG. 
1; 

FIG. 3 is a sectional vieW shoWing a second embodiment 
of the present invention corresponding to FIG. 2; 

FIG. 4 is a sectional vieW shoWing a third embodiment of 
the present invention corresponding to FIG. 2; 

FIG. 5 is a sectional vieW shoWing a fourth embodiment 
of the present invention corresponding to FIG. 2; 

FIG. 6 is a sectional vieW shoWing a ?fth embodiment of 
the present invention corresponding to FIG. 1; 

FIG. 7 is a sectional vieW shoWing a siXth embodiment of 
the present invention taken along line VII—VII in FIG. 9; 

FIG. 8 is a sectional vieW taken along line VIII—VIII in 
FIG. 9; 

FIG. 9 is a sectional vieW taken along line IX—IX in FIG. 
7; 

FIG. 10 is a sectional vieW shoWing a seventh embodi 
ment of the present invention corresponding to FIG. 7; 

FIG. 11 is a sectional vieW shoWing an eighth embodi 
ment of the present invention taken along line XI—XI in 
FIG. 13; 

FIG. 12 is a sectional vieW taken along line XII—XII in 
FIG. 13; 

FIG. 13 is a sectional vieW taken along line XIII—XIII in 
FIG. 11; 

FIG. 14 is a sectional vieW shoWing a ninth embodiment 
of the present invention taken along line XIV—XIV in FIG. 
16; 

FIG. 15 is a sectional vieW taken along line XV—XV in 
FIG. 16; 

FIG. 16 is a sectional vieW taken along line XVI—XVI in 
FIG. 14; 

FIG. 17 is a sectional vieW shoWing a tenth embodiment 
of the present invention taken along line XVII—XVII in 
FIG. 18; 
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FIG. 18 is a sectional vieW taken along line XVIII— 
XVIII in FIG. 17; and 

FIG. 19 is a perspective vieW showing a coil unit and a 
protecting case in a state before the coil unit is contained in 
the protecting case. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A ?rst embodiment of the present invention is described 
beloW With reference to the draWings. 

Referring to FIGS. 1 and 2, a tag 12 attached to a theft 
monitored article 11 comprises a resonance circuit 13 Which 
resonates With an electric Wave at a predetermined fre 
quency transmitted from a transmitting antenna. In this 
embodiment, the article 11 is a container made of a con 
ductive material such as aluminum, or a ferromagnetic 
material such as a steel sheet, Which contains drinking Water, 
edible oil or candy. The resonance circuit 13 comprises a coil 
unit 14 and a capacitor 16 electrically connected to both ends 
of the coil unit 14. The coil unit 14 comprises a magnetic 
core member 17, formed in a sheet or foil and made of a 
composite material composed of soft magnetic metal poW 
der or ?akes and a plastic, and a Winding 18 Wound around 
the periphery of the magnetic core member 17 With both 
ends of the Winding connected to the capacitor 16. The 
reason for using the composite material composed of soft 
magnetic metal poWder or ?akes and a plastic for the 
magnetic core member 17 is that since the frequency of the 
electric Wave transmitted from the transmitting antenna is as 
high as several MHZ to several tens of MHZ, the use of a 
metallic sheet or foil causes an eddy current and deteriorates 
its characteristics. LikeWise, the use of a sintered ferrite 
sheet is dif?cult because it is fragile. 

HoWever, if the Winding is Wound around the periphery of 
the magnetic core member made of a fragile sintered ferrite 
sheet to form the coil unit, and the coil unit is contained in 
a protecting case Which Will be described beloW (a tenth 
embodiment), damage to the magnetic core member (the 
sintered ferrite sheet) can be prevented. 

The magnetic core member may be made of a composite 
material composed of a ferrite poWder and a plastic, or a 
composite material composed of a soft magnetic metal 
poWder or ?akes, a ferrite poWder and a plastic. 
As the soft magnetic metal, carbonyl iron poWder or 

reduced iron poWder from Which ?ne poWder can easily be 
obtained is preferably used. The reduced iron poWder can be 
obtained by reducing ?ne iron oxide With hydrogen gas or 
the like at loW temperatures. As the soft magnetic metal, 
?akes may be used, Which are obtained by pulveriZing iron, 
permalloy, an amorphous alloy or the like by an atomiZation 
method to form a poWder of the soft magnetic metal, and 
then mechanically ?attening the poWder of the soft magnetic 
metal. The atomiZation method is a method in Which a metal 
melt is quenched and pulveriZed by atomiZation. This 
method makes the texture of a metallic material uniform and 
?ne, and can thus improve the composition and texture of 
the metallic material and improve the reliability of a heat 
resisting metallic material. Examples of such an atomiZation 
method include a Water atomiZation method, a gas atomi 
Zation method, a vacuum atomiZation method, and the like. 
Since the poWder of a soft magnetic metal obtained by the 
atomiZation method is slightly coarse, it must be mechani 
cally ?attened by using a ball mill, an attritor, or the like. 
When mechanical ?attening of a soft magnetic metal poWder 
causes distortion, and thus deteriorates characteristics, 
annealing is required after ?attening. The ?akes of an 
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6 
amorphous alloy, obtained by atomiZing a melt of an amor 
phous alloy and contacting it With a copper surface cooled 
With Water, may be used as the soft magnetic metal. 

As a method of producing the composite material com 
posed of the soft magnetic metal and a plastic, a method is 
preferably used in Which a mixture of soft magnetic metal 
poWder or ?akes and a plastic poWder of a nylon resin, a 
polyethylene resin, an acrylic resin, a vinyl chloride resin, or 
the like is kneaded, and the kneaded mixture is then pellet 
iZed and injection-molded to a predetermined shape. In this 
case, When injecting the mixture, a magnetic ?eld is applied 
in the magnetic direction to arrange the soft magnetic metal, 
thereby further improving the characteristics of the tag. The 
mixture of a soft magnetic metal poWder or ?akes and a 
plastic may be formed in a sheet by a roll, and then cut into 
strips, compression-molded or cast-molded. In any one of 
these methods, a magnetic ?eld is applied to arrange the soft 
magnetic metal, thereby improving its characteristics. 

In the case of the soft magnetic metal poWder, the 
diameter of the poWder particles is preferably in the range of 
0.1 to 30 pm, more preferably in the range of 0.3 to 5 pm. 
In the case of soft magnetic metal ?akes, the thickness is 
preferably in the range of 0.1 to 10 pm, more preferably in 
the range of 0.3 to 5 pm. If the soft magnetic metal poWder 
has a diameter less than the above range, the poWder is easily 
oxidiZed, and if the diameter is over the range, there is the 
problem of increasing the loss due to an eddy current. In 
regard to the mixing ratio of the plastic and the soft magnetic 
metal, the amount of the soft magnetic metal is preferably 10 
to 95% by Weight, more preferably 40 to 90% by Weight. 
The balance comprises the plastic. If the soft magnetic metal 
has a content less than the above range, magnetic perme 
ability is too loW, and if the content is over the above range, 
the soft magnetic metal particles directly contact each other 
to make the magnetic core member conductive, thereby 
increasing the loss. 
The Winding 18 may comprise a Wire Wound around the 

magnetic core member 17, or a Wire formed by etching. Also 
the Wiring 18 may be formed on the surface of the magnetic 
core member 17 by printing, or formed to a predetermined 
thickness on the surface of the magnetic core member 17 by 
plating. Alternatively, the Winding 18 may be formed by 
depositing a conductive material, by electroless plating, in a 
groove previously formed in the shape of the Winding 18 in 
the surface of the magnetic core member 17. The capacitor 
16 comprises tWo electrodes 16a and 16b made of an 
aluminum foil, an aluminum sheet, a copper foil, or a copper 
sheet, and a dielectric layer 16c made of a paper or plastic 
sheet, or the like and held betWeen the tWo electrodes 16a 
and 16b. The capacitor may be a chip capacitor. To the 
electrodes 16a and 16b are respectively connected both ends 
of the Winding 18. 
The resonance circuit 13 is bonded to the article 11 With 

a ?rst adhesive layer 19a therebetWeen. One of the sides of 
the sheet- or foil-shaped magnetic core member 17 faces the 
attaching surface 11a of the article 11. To the other side of 
the magnetic core member 17 is bonded a display plate 20 
With a second adhesive layer 19b therebetWeen. On the 
upper side of the display plate 20 is displayed a price (not 
shoWn) by a numerical value or barcode. 
At the entrance of a store Which sells the article 11 is 

installed a theft monitor. The monitor comprises a transmit 
ting antenna and a receiving antenna provided in a standing 
condition at a predetermined distance therebetWeen, and a 
control unit in Which the control input is connected to the 
receiving antenna, and the control output is connected to the 
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transmitting antenna and a speaker. The control unit controls 
the transmitting antenna to transmit an electric Wave at a 
frequency With Which the resonance circuit 13 resonates, and 
alWays checks the signal level of the received signal of the 
receiving antenna. In other Words, if the signal level of the 
resonance circuit Which receives an electric Wave transmit 
ted from the transmitting antenna is at a reference value, the 
signal level of the receiving antenna Which receives the 
electric Wave transmitted from the resonance circuit 13 
resonating With the electric Wave transmitted from the 
transmitting antenna is higher than the reference value by a 
predetermined value, and the speaker is sounded by the 
control unit. 

The operation of the theftproof tag constructed as 
described above is described. 

If the article 11 With the tag 12 attached thereto is stolen 
from the store and passes betWeen the transmitting antenna 
and the receiving antenna, the resonance circuit 13 catches 
the electric Wave at a speci?ed frequency transmitted from 
the transmitting antenna and resonates thereWith to cause an 
AC current in the resonance circuit 13, emitting an electric 
Wave at a frequency determined by the self-inductance of the 
coil unit and the electrostatic capacity of the capacitor from 
the resonance circuit 13. The electric Wave emitted from the 
resonance circuit 13 is transmitted in the magnetic core 
direction of the magnetic core member 17, i.e., substantially 
parallel With the attaching surface 11a of the article 11. 
Therefore, the electric Wave does not pass through the article 
11, and thus an eddy current or the like hardly occurs in the 
surface of the article 11 even if the surface of the article 11 
is made of a conductive material or ferromagnetic material. 
The electric Wave emitted from the resonance circuit 13 is 
hardly affected by the material of the article 11. As a result, 
since the self-inductance of the coil unit 14 changes less 
regardless of the material of the surface of the article 11, the 
resonance frequency of the resonance circuit 13 changes 
less, and the Q value of the coil unit 14 also decreases less, 
thereby decreasing the Width of resonance of the resonance 
frequency and improving the resonance characteristics of the 
tag 12. Therefore, the electric Wave emitted from the reso 
nance circuit 13 is securely received by the receiving 
antenna. On the basis of the received signal, the control unit 
detects that the article 11 is stolen Without payment of the 
money for the article and sounds an alarm from the speaker. 
On the other hand, When money is regularly paid for the 

article 11, in a checkout (not shoWn), the capacitor 16 of the 
resonance circuit 13 is broken by applying a strong electric 
Wave or heat to the tag 12 to cause a short-circuit. As a result, 
even if the article 11 is passed betWeen the transmitting 
antenna and the receiving antenna, the resonance circuit is 
not resonated, and thus the control unit does not sound the 
speaker. Therefore, it is possible to decrease the number of 
errors in the operation of the theft monitor such as the 
speaker generating no alarm When the article 11 is stolen, or 
the speaker generating an alarm When the article 11 is 
regularly carried out. 

Although, in this embodiment, the article 11 is a container 
made of a conductive material such as aluminum or the like, 
or a ferromagnetic material such as a steel sheet or the like, 
Which contains drinking Water, edible oil or candy, the 
article may be made of an insulating material, a non 
magnetic material, or any other material. In the case of a 
book as the article 11, the tag of the present invention can be 
attached to a sales card by an adhesive, and the sales card 
can be removed from the book regularly bought at the 
checkout, thereby preventing the speaker from generating an 
alarm When the book is passed betWeen the transmitting 
antenna and the receiving antenna. 
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Although, in this embodiment, the self-inductance of the 

coil unit is slightly changed by the material of the article, and 
the Q value of the coil unit is slightly decreased, a non 
magnetic electromagnetic shielding sheet or foil having 
conductivity, such as an aluminum sheet or foil, can be 
interposed betWeen the attaching surface of the article and 
the resonance circuit to electromagnetically cut off the coil 
unit from the article, thereby completely preventing a 
change in the self-inductance and a decrease in the Q value. 
This is particularly effective for an article made of a ferro 
magnetic material. With the electromagnetic shielding sheet 
bonded to the coil unit Which faces the attaching surface of 
the article, a portion of the magnetic ?uX emitted from the 
magnetic core member and passing through the portion of 
the article, to Which the tag is attached, passes above the 
electromagnetic shielding sheet. This is also because the 
electromagnetic shielding sheet causes extremely loW hys 
teresis loss and substantially no eddy current, and the article 
made of a ferromagnetic material has no in?uence on the 
resonance circuit. Although the decrease in the Q value 
becomes smaller as the thickness of the electromagnetic 
shielding sheet increases, a thickness of about 10 pm is 
suf?cient for the electromagnetic shielding sheet from the 
vieWpoint of practical use. 

FIG. 3 shoWs a second embodiment of the present inven 
tion. In FIG. 3, the same parts as FIG. 2 are denoted by the 
same reference numerals. 

In this embodiment, a tag 32 comprises tWo resonance 
circuits 33 and 43. The coil units 34 and 44 of the respective 
resonance circuits 33 and 43 have rectangular sheet- or 
foil-shaped magnetic core members 37 and 47, respectively. 
These magnetic core members 37 and 47 are arranged at 
right angles to each other on the attaching surface 11a of the 
article 11. Around the peripheries of the magnetic core 
members 37 and 47 are Wound Windings 38 and 48, 
respectively, so that the magnetic core directions thereof are 
in the length directions of the magnetic core members 37 and 
47, respectively. To both ends of the Windings 38 and 48 are 
connected capacitors 36 and 46, respectively. The resonance 
circuits 33 and 43 are bonded to the attaching surface 11a of 
the article 11 by an adhesive layer 39. 
The operation of the theftproof tag constructed as 

described above is described beloW. 

When the article 11 passes betWeen the transmitting and 
receiving antennas With the magnetic core members 37 and 
47 positioned in the direction of a line connecting the tWo 
antennas, the self-inductance and Q value of each of the coil 
units 34 and 44 are high, and the tag 32 eXhibits high 
sensitivity. HoWever, When the article 11 passes betWeen the 
transmitting and receiving antennas With the magnetic core 
members 37 and 47 positioned in a plane perpendicular to 
the line connecting the tWo antennas, the sensitivity dete 
riorates. Therefore, in this embodiment, the use of the tag 32 
comprising the tWo magnetic core members 37 and 47 and 
having the magnetic core directions perpendicular to each 
other signi?cantly decreases the probability that the article 
11 passes betWeen the antennas With both the magnetic core 
members 37 and 47 having magnetic core directions in 
Which the sensitivity of the tag 32 deteriorates. Namely, 
When the article 11 passes betWeen the tWo antennas, there 
is the high probability that one of the tWo resonance circuits 
33 and 43 has good sensitivity, thereby securely preventing 
the article 11 from being stolen. 
The tag of this embodiment is attached to the attaching 

surface of the article, and the tag of the ?rst embodiment is 
attached to the surface of the article perpendicular to the 
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attaching surface thereof so that the magnetic core direction 
of the magnetic core member is perpendicular to the attach 
ing surface. In this case, it is possible to securely prevent the 
article from being stolen regardless of the state in Which the 
article passes betWeen the antennas. 

FIG. 4 shoWs a third embodiment. In FIG. 4, the same 
parts as FIG. 2 are denoted by the same reference numerals. 

In this embodiment, a magnetic core member 57 of a coil 
unit 54 is formed in a cruciform sheet or foil having four 
arms including ?rst to fourth arms 57a to 57d around Which 
?rst to fourth Windings 58a to 58d, respectively, are Wound. 
The inner ends of the ?rst and third Windings 58a and 58c 
Which are Wound around the ?rst and third arms 57a and 
57c, respectively, Which are opposite to each other, are 
connected to each other, and the outer ends of the ?rst and 
third Windings 58a and 58c are connected to a capacitor 56. 
The inner ends of the second and fourth Windings 58b and 
58d, Which are Wound around the second and fourth arms 
57b and 57d, respectively, Which are opposite to each other, 
are connected to each other, and the outer ends of the second 
and fourth Windings 58b and 58d are connected to a capaci 
tor 66. A resonance circuit 53 is bonded to the attaching 
surface 11a of the article 11 by an adhesive layer 59. The 
Winding directions of the ?rst and third Windings 58a and 
58c are the same, and the Winding directions of the second 
and fourth Windings 58b and 58d are the same. 

Since the operation of the tag 52 constructed as described 
above is substantially the same as the operation of the tag of 
the second embodiment, a repeated description is omitted. 

FIG. 5 shoWs a fourth embodiment of the present inven 
tion. In FIG. 5, the same parts as FIG. 2 are denoted by the 
same reference numerals. 

In this embodiment, a magnetic core member 77 of a coil 
unit 74 is formed in the shape of a rectangular sheet or foil, 
and ?rst and second Windings 78a and 78b are Wound 
around the magnetic core member 77 so as to cross at right 
angles. Both ends of the ?rst and second Windings 78a and 
78b are connected to capacitors 76 and 86, respectively. The 
?rst and second Windings 78a and 78b are electrically 
insulated from each other. A resonance circuit 73 is bonded 
to the attaching surface 11a of the article 11 by an adhesive 
layer 79. 

Since the operation of the tag 72 constructed as described 
above is substantially the same as the operation of the tag of 
the second embodiment, a repeated description is omitted. 

FIG. 6 shoWs a ?fth embodiment of the present invention. 
In FIG. 6, the same parts as FIG. 1 are denoted by the same 
reference numerals. 

In this embodiment, a capacitor 96 is bonded to the coil 
unit 14 facing the attaching surface 11a of the article 11, and 
one of electrodes 96a and 96b of the capacitor 96 also serves 
as a non-magnetic electromagnetic shielding sheet or foil 
having conductivity. The capacitor 96 comprises the tWo 
electrodes 96a and 96b made of an aluminum foil, an 
aluminum sheet, a copper foil, a copper sheet, or the like, 
and a dielectric layer 96c made of a paper or plastic sheet, 
and held betWeen the tWo electrodes 96a and 96b. The 
surface area of each of the electrodes 96a and 96b, and the 
dielectric layer 96c is the same as or larger than the surface 
area of the magnetic core member 17. The capacitor 96 is 
bonded to the attaching surface 11a of the article 11 by a ?rst 
adhesive layer 99a, the coil unit 14 is bonded to the surface 
of the capacitor 96 by a second adhesive layer 99b, and a 
display plate 100 is bonded to the surface of the coil unit 14 
by a third adhesive layer 99c. 

In the tag 92 constructed as described above, one of the 
electrodes 96a and 96b of the capacitor 96 also serves as a 
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non-magnetic electromagnetic shielding sheet or foil having 
conductivity. Therefore, in the article 11 made of a ferro 
magnetic material, the coil unit 14 is more electromagneti 
cally cut off from the article 11 than the tag of the ?rst 
embodiment, improving the characteristics of tag 92. In 
other Words, a portion of the magnetic ?uX emitted from the 
magnetic core member 17, Which passes through the portion 
of the article 11, to Which the tag 92 is attached, passes above 
one of the electrodes 96a and 96b having high conductivity, 
Which causes a very loW hysteresis loss and substantially no 
eddy current. As a result, the article 11 made of a ferromag 
netic material has no in?uence on the resonance circuit 93, 
and the coil unit 14 is electromagnetically cut off from the 
article 11, thereby completely preventing a change in the 
self-inductance of the coil unit 14 and a decrease in the Q 
value. It is also possible to decrease the number of the parts 
required, and the total surface area by using tag 92. 

FIGS. 7 to 9 shoW a siXth embodiment of the present 
invention. In FIGS. 7 to 9, the same parts as FIGS. 1 and 2 
are denoted by the same reference numerals. 

In this embodiment, the article 11 is made of a ferromag 
netic material such as an iron sheet or the like, and smooth 
recessed portions 117a (FIGS. 7 and 8) are formed in the 
portion of a magnetic core member 117 around Which a 
Winding 118 is Wound so as to contain the entire Winding 
118. The recessed portions 117a are respectively formed on 
both sides of the magnetic core member 117 so that the depth 
of the recessed portions 117a is substantially the same as the 
diameter of the Winding 118. In one of the pair of lateral 
sides of the magnetic core member 117 is formed a ?rst 
Winding holding portion 117b having a depth substantially 
equal to the diameter of the Winding 118, a second Winding 
holding portion 117c having a depth about tWice as large as 
the diameter of the Winding 118 is formed in the other side 
of the magnetic core member 117 (FIGS. 8 and 9). 
On the other hand, a capacitor holding hole 117d is 

formed at the center of one of the pair of longitudinal sides 
of the magnetic core member 117 (FIGS. 7 and 9). In this 
hole 117d are contained ?rst and second electrodes 116a and 
116b, and a dielectric layer 116c held betWeen both elec 
trodes 116a and 116b. In one of the longitudinal sides of the 
magnetic core member 117 are formed ?rst and second 
connection holding grooves 1176 and 117f Which eXtend in 
the length direction of the longitudinal side and Which 
communicate With the capacitor holding hole 117d (FIG. 9). 
The ?rst connection holding groove 1176 is formed to 
communicate With the ?rst Winding holding portion 117b 
through a ?rst communicating groove 117g, and the second 
connection holding groove 117f is formed to communicate 
With the second Winding holding portion 117c through a 
second communicating groove 117h. One end of the Wind 
ing 118 eXtends from ?rst Winding holding portion 117b and 
is electrically connected to the ?rst electrode 116a of the 
capacitor 116 through the ?rst communicating groove 117g 
and the ?rst connection holding groove 1176. The other end 
of the Winding 118 eXtends from the second Winding holding 
portion 117c and is electrically connected to the second 
electrode 116b of the capacitor 116 through the second 
communicating groove 117k and the second connection 
holding groove 117f. 

To the surface of the magnetic core member 117 is bonded 
a display plate 120, and the loWer side of the magnetic core 
member 117 is bonded to the article 11 through an electro 
magnetic shielding sheet 119 (FIGS. 7 and 8). The display 
plate 120 and the electromagnetic shielding sheet 119 are 
bonded to the magnetic core member 117 and the article 11, 
respectively, by adhesive layers (not shoWn in the draWings). 
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The electromagnetic shielding sheet 119 is made of a 
non-magnetic aluminum plate or copper plate having con 
ductivity. An electromagnetic shielding foil made of an 
aluminum foil or copper foil may be used in place of the 
electromagnetic shielding sheet. The construction of this 
embodiment is the same as the ?rst embodiment eXcept as 
described above. 

In the tag 112 constructed as described above, the Winding 
118 is Wound to be contained in the smooth recessed 
portions 117a of the magnetic core member 117 so that the 
upper surface of the Winding 118 is in substantially at the 
same position as the upper surface of the magnetic core 
member 117, thereby preventing the Winding 118 from 
projecting from the recessed portions 117a, and smoothing 
the display plate 120 bonded to the surface of the magnetic 
core member 117. As a result, it is possible to improve the 
appearance of the display plate 120, and decrease the total 
thickness of the tag 112. Also, since the capacitor 116 is 
buried in one of the longitudinal sides of the magnetic core 
member 117, the appearance of the tag 112 can be improved 
Without deteriorating the smoothness of the display plate 
120. Furthermore, since the coil unit 114 comprising the 
magnetic core member 117 and the Winding 118 is electro 
magnetically cut off from the article 11 made of a ferro 
magnetic material, the characteristics of the tag 112 are 
improved. Namely, a portion of the magnetic ?uX emitted 
from the magnetic core member 117, Which passes through 
the portion of the article 11 to Which the tag 112 is attached, 
passes above the electromagnetic shielding sheet 119 having 
high conductivity, and the electromagnetic shielding sheet 
119 causes an extremely loW hysteresis loss and substan 
tially no eddy current. As a result, the article 11 made of a 
ferromagnetic material has no in?uence on the resonance 
circuit 113 comprising the coil unit 114 and the capacitor 
116, and the coil unit 114 is electromagnetically cut off from 
the article 11, thereby completely preventing a change in the 
self-inductance of the coil unit 114 and a decrease in the Q 
value. 

FIG. 10 shoWs a seventh embodiment of the present 
invention. In FIG. 10, the same parts as FIG. 7 are denoted 
by the same reference numerals. 

In this embodiment, a Winding 138 is closely Wound in the 
smooth recessed portions 117a of the magnetic core member 
117. The construction of this embodiment is the same as the 
siXth embodiment eXcept as noted. The magnetic core mem 
ber 117 and the Winding 138 constitute a coil unit 134. 

In the tag 132 constructed as described above, since the 
Winding 138 is closely Wound, the distances of the recesses 
betWeen the adjacent turns of the Winding 138 are very 
small, and thus the smoothness of the display plate 120 can 
further be improved. 

FIGS. 11 to 13 shoW an eighth embodiment of the present 
invention. In FIGS. 11 to 13, the same parts as FIGS. 7 to 9 
are denoted by the same reference numerals. 

In this embodiment, in the portion of a magnetic core 
member 157, on Which the Winding 118 is Wound, are 
formed a plurality of grooves 157a Which can respectively 
contain the turns of the Winding 118 (FIGS. 11 and 12). The 
grooves 157a are respectively formed in both sides of the 
magnetic core member 157 to have a depth substantially 
equal to the diameter of the Winding 118. In one of the pair 
of lateral sides of the magnetic core member, are formed ?rst 
Winding holding grooves 157b respectively communicating 
With the grooves 157a and having a depth substantially 
equal to the diameter of the Winding 118. In the other lateral 
side of the magnetic member 157 are formed second Wind 

10 

25 

35 

45 

55 

65 

12 
ing holding grooves 157c respectively communicating With 
the grooves 157a and having a depth about tWice as large as 
the diameter of the Winding 118 (FIGS. 12 and 13). The 
grooves 157a, the ?rst Winding holding grooves 157b and 
the second Winding holding grooves 157c form a spiral 
groove. 

The chip capacitor 116 is contained in the capacitor 
holding hole 157d formed at the center of one of the pair of 
longitudinal sides of the magnetic core member 157 (FIGS. 
11 and 13). In one of the longitudinal sides of the magnetic 
core member 157 are formed ?rst and second connection 
holding grooves 1576 and 157f extending in the length 
direction of this longitudinal side and communicating With 
the capacitor holding hole 157d (FIG. 13). The ?rst con 
nection holding groove 1576 is formed to communicate With 
the ?rst Winding holding grooves 157b through a ?rst 
communicating groove 157g, and the second connection 
holding groove 157f is formed to communicate With the 
second Winding holding groove 157c through a second 
communicating groove 157h. One end of the Winding 118 
eXtends from the ?rst Winding holding grooves 157b and is 
electrically connected to the ?rst electrodes 116a of the 
capacitor 116 through the ?rst communicating groove 157g 
and the ?rst connection holding groove 1176. The other end 
of the Winding 118 eXtends from the second Winding holding 
grooves 157c and is electrically connected to the second 
electrode 116b of the capacitor 116 through the second 
communicating groove 157k and the second connection 
holding groove 157f. The magnetic core member 157 and 
the Winding 118 constitute a coil unit 154. The construction 
of this embodiment is the same as the siXth embodiment 
eXcept as noted above. 

In the tag 152 constructed as described above, the Winding 
118 is Wound so as to be contained in the grooves 157a of 
the magnetic core member 157 so that the upper side of the 
Winding 118 is at substantially the same position as the upper 
side of the magnetic core member 157, thereby preventing 
the Winding 118 from projecting from the grooves 157a and 
smoothing the display plate 120 bonded to the surface of the 
magnetic core member 157. As a result, it is possible to 
improve the appearance of the display plate 120, and 
decrease the total thickness of the tag 152. 

Although, in this embodiment, the depth of the grooves is 
substantially the same as the diameter of the Winding, the 
depth of the grooves may be larger than the diameter of the 
Winding. In this case, the upper side of the Winding con 
tained in the grooves is loWer than the upper side of the 
magnetic core member, but the smoothness of the display 
plate hardly deteriorates due to the small Width of the 
grooves (slightly larger than the diameter of the Winding). 

FIGS. 14 to 16 shoW a ninth embodiment of the present 
invention. In FIGS. 14 to 16, the same parts as FIGS. 7 to 
9 are denoted by the same reference numerals. 

In this embodiment, a magnetic core member 177 has a 
plurality of ?rst grooves 177a formed at a depth substan 
tially equal to the diameter of a longitudinal Winding 178, 
and a plurality of second grooves 177b formed in a direction 
different from the ?rst grooves 177a to have a depth about 
tWice as large as the diameter of a lateral Winding 188 
(FIGS. 14 and 15). The longitudinal Winding 178 and the 
lateral Winding 188 have the same diameter. The ?rst 
grooves 177a are formed in both sides of the magnetic core 
member 177 to eXtend substantially longitudinally, and the 
second grooves 177b are formed in both sides of the 
magnetic core member 177 to substantially eXtend laterally 
(FIG. 16). In one of the pair of lateral sides of the magnetic 
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core member 177, Which laterally extend, are formed ?rst 
longitudinal Winding holding grooves 177c communicating 
With the ?rst grooves 177a and having a depth substantially 
equal to the diameter of the longitudinal Winding 178. In the 
other lateral side of the magnetic core member are formed 
second longitudinal Winding holding grooves 177d having a 
depth about tWice as large as the diameter of the longitudinal 
Winding 178. In one of the pair of longitudinal sides of the 
magnetic core member 177, Which extend longitudinally, are 
formed ?rst lateral Winding holding grooves 177e commu 
nicating With the second grooves 177b and having a depth 
substantially equal to the diameter of the lateral Winding 
188. In the other longitudinal side are formed second lateral 
Winding holding grooves 177f having a depth about tWice as 
large as the diameter of the lateral Winding 188. 
On the other hand, at the pair of diagonal corners of the 

magnetic core member 177 are respectively formed ?rst and 
second capacitor holding holes 177g and 177k (FIG. 16). In 
these holes 177g and 177k are contained ?rst and second 
capacitors 176 and 186 comprising ?rst electrodes 176a and 
186a and second electrodes 176b and 186b, and dielectric 
layers 176c and 186c held betWeen the ?rst electrodes 176a 
and 186a, and the second electrodes 176b and 186b, respec 
tively. These capacitors 176 and 186 are chip capacitors. In 
one of the longitudinal sides of the magnetic core member 
177 is formed a ?rst connection holding groove 177i extend 
ing in the length direction of the other longitudinal side and 
communicating With the ?rst capacitor holding hole 177g. In 
one of the lateral sides is formed a second connection 
holding groove 177j extending the length direction of the 
other lateral side and communicating With the second 
capacitor holding hole 177h. In the other lateral side of the 
magnetic core member 177 is formed a ?rst communicating 
groove 177k communicating With the ?rst longitudinal 
Winding holding grooves 177c and the ?rst capacitor holding 
hole 177g. In the other longitudinal side of the magnetic core 
member 177 is formed a second communicating groove 
177m communicating With the ?rst lateral Winding holding 
grooves 1776 and the second capacitor holding hole 177h. 
One end of the longitudinal Winding 178 extends from the 
?rst longitudinal Winding holding grooves 177c and is 
electrically connected to the ?rst electrode 176a of the ?rst 
capacitor 176 through the ?rst communicating groove 177k, 
and the other end of the longitudinal Winding 178 extends 
from the second longitudinal Winding holding grooves 177a' 
and is electrically connected to the second electrode 176b of 
the ?rst capacitor 176 through the second connection hold 
ing groove 177j and the ?rst connection holding groove 
177i. One end of the lateral Winding 188 extends from the 
?rst lateral Winding holding grooves 1776 and is electrically 
connected to the ?rst electrode 186a of the second capacitor 
186 through the second communicating groove 177m, and 
the other end of the lateral Winding 188 extends from the 
second lateral Winding holding grooves 177f and is electri 
cally connected to the second electrode 186b of the ?rst 
capacitor 186 through the ?rst connection holding groove 
177i and the second connection holding groove 177j. The 
magnetic core member 177, the longitudinal Winding 178 
and the lateral Winding 188 constitute a coil unit 174. The 
coil unit 174 and the ?rst and second capacitors 176, 186 
make up the resonance circuit 173. The construction of this 
embodiment is the same as the sixth embodiment except as 
noted above. 

In the tag 172 constructed as described above, the display 
plate 120 bonded to the surface of the magnetic core member 
177 can be smoothed, and there is little or no probability that 
the article 11 With the tag 172 Will pass betWeen the 
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transmitting and receiving antennas With the magnetic core 
member 177 having a magnetic core direction in Which the 
sensitivity of the tag 172 deteriorates. As a result, it is 
possible to improve the appearance of the display plate 120, 
decrease the total thickness of the tag 172, and further 
improve the sensitivity of the tag 172, thereby securely 
preventing the article 11 from being stolen. 

Although, in each of the sixth to ninth embodiments, the 
chip capacitor is used as the capacitor, and is buried in one 
of the sides of the magnetic core member, a ?atten chip 
capacitor may be used. In this case, the capacitor may be 
bonded to one of the sides of the magnetic core member. 

Although, in the ninth embodiment, the ?rst grooves are 
formed to have a depth substantially the same as the diam 
eter of the Winding, and the second grooves are formed to 
have a depth about tWice as large as the diameter of the 
Winding, the ?rst grooves may be formed to have a depth 
larger than the diameter of the Winding, and the second 
Winding may be formed to have a depth at least tWice as 
large as the diameter of the Winding. In this case, the upper 
surface of the Winding contained in the ?rst grooves is loWer 
than the upper surface of the magnetic core member, but the 
smoothness of the display plate hardly deteriorates due to 
the very small Width (slightly larger than the diameter of the 
Winding) of the ?rst grooves. 

FIGS. 17 to 19 shoW a tenth embodiment of the present 
invention. In FIGS. 17 and 18, the same parts as FIGS. 1 and 
2 are denoted by the same reference numerals. 

In this embodiment, a magnetic core member 197 is made 
of a sintered ferrite sheet, and a Winding 18 is Wound around 
the periphery of the magnetic core member 197 to constitute 
a coil unit 194 Which is contained in a protecting case 199. 
The Winding 18 is Wound around the periphery of the 
magnetic core member 197 in the same manner as the ?rst 
embodiment. The protecting case 199 comprises a case body 
199b having a holding recessed portion 199a Which can hold 
the coil unit 194 and the capacitor 16, and a cover 199c 
detachable from the holding recessed portion 199a (FIG. 
19). The case body 199b and the cover 199c is made of a 
resin. The coil unit 194 and the capacitor 16 constitute a 
resonance circuit 193. The construction of this embodiment 
is the same as the ?rst embodiment except as noted above. 

In the theftproof tag 192 constructed as described above, 
since the fragile magnetic core member 197 (sintered ferrite 
sheet) is protected by the protecting case 199, the operation 
thereof is substantially the same as the ?rst embodiment 
except that the magnetic core member 197 can be protected 
from damage. Therefore, a repeated description is omitted. 
The procedure for holding the coil unit 194 and the 

capacitor 16 in the protecting case 199 is described in detail 
beloW. First, a predetermined amount of adhesive is poured 
into the holding recessed portion 199a of the base body 
199b. Then the coil unit 194 and the capacitor 16 are inserted 
into the holding recessed portion 199a. Next, an adhesive is 
applied to the upper sides of the coil unit 194 and the 
capacitor 16, and the cover 199c is inserted into the holding 
recessed portion 199a. Further, the protecting case 199 is 
maintained at a predetermined temperature for a predeter 
mined time to dry the adhesive. As a result, the coil unit 194 
and the capacitor 16 are securely ?xed to the case body 199b 
by the adhesive together With the cover 199c, preventing the 
coil unit 194 and the capacitor 16 from coming loose in the 
protecting case 199. 

The coil unit 194 or both the coil unit 194 and the 
capacitor 16 may be bonded to an aluminum sheet as a 
reinforcing member before the coil unit 194 is contained in 
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the protecting case 199, further preventing damage of the 
magnetic core member 197. 

EXAMPLES 

The present invention is described in further detail below 
With reference to examples and comparative examples. 

Example 1 

85% by Weight of nylon resin Was mixed With carbonyl 
iron poWder having an average particle diameter of 2.5 pm, 
folloWed by injection molding to form a magnetic core 
member 17 of 40 mm in length, 20 mm in Width, and 2 mm 
in thickness, as shoWn in FIGS. 1 and 2. Around the 
magnetic core member 17 Was Wound 25 turns of covered 
copper Wire having a diameter of 0.3 mm to obtain a coil unit 
14 comprising the Winding 18 Wound around the periphery 
of the magnetic core member 17. The coil unit Was consid 
ered as Example 1. 

Example 2 

To the coil unit of Example 1 Was bonded an aluminum 
thin sheet (100 mm in length, 100 mm in Width, and 0.3 mm 
in thickness) to obtain a coil unit With the aluminum thin 
sheet as Example 2. 

Example 3 

85% by Weight of nylon resin Was mixed With reduced 
iron poWder having an average particle diameter of 1 pm, 
folloWed by injection molding to form a magnetic core 
member of 40 mm in length, 20 mm in Width, and 2 mm in 
thickness. Around the magnetic core member Was Wound 25 
turns of covered copper Wire having a diameter of 0.3 mm 
to obtain a coil unit comprising a Winding Wound around the 
periphery of the magnetic core member. The coil unit Was 
considered as Example 3. 

Example 4 

A Water atomiZed poWder having an average particle 
diameter of 10 pm and holding 78% by Weight of Ni Was 
?attened by a ball mill, and then annealed at 500° C. in an 
atmosphere of hydrogen gas to form ?akes. The thus-formed 
?akes Were mixed With 75% by Weight of nylon resin, 
folloWed by injection molding under a magnetic ?led of 
2000 Oe to form a magnetic core member of 40 mm in 
length, 20 mm in Width, and 2 mm in thickness. Around the 
magnetic core member Was Wound 25 turns of covered 
copper Wire having a diameter of 0.3 mm to obtain a coil unit 
comprising a Winding Wound around the periphery of the 
magnetic core member. The coil unit Was considered as 
Example 4. 

Example 5 

Droplets of a melt holding 89% by Weight of Co, 5.2% by 
Weight of Fe, 2.3% by Weight of Si and 3.5% by Weight of 
B Were contacted With Water-cooled copper to form amor 
phous ?akes. 75% by Weight of the ?akes Were mixed With 
25% by Weight of nylon resin, folloWed by injection mold 
ing under a magnetic ?eld of 2000 Oe to form a magnetic 
core member of 40 mm in length, 20 mm in Width, and 2 mm 
in thickness. Around the magnetic core member Was Wound 
25 turns of covered copper Wire having a diameter of 0.3 mm 
to obtain a coil unit comprising a Winding Wound around the 
periphery of the magnetic core member. The coil unit Was 
considered as Example 5. 
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Example 6 

To both ends of the Winding of the coil unit of Example 
1 Was connected a capacitor having an electrostatic capacity 
of 64 pF to form a tag as Example 6. The resonance 
frequency of the tag Was 8.2 NHZ. 

Example 7 

To both ends of the Winding of the coil unit With the 
aluminum thin sheet of Example 2 Was connected a capaci 
tor having an electrostatic capacity of 73 pF to form a tag as 
Example 7. The resonance frequency of the tag Was 8.2 
NHZ. 

Example 8 

The magnetic core member 197 Was formed by using a 
sintered ferrite plate of 50 mm in length, 10 mm in Width, 
and 3 mm in thickness, as shoWn in FIGS. 17 to 19. Around 
the magnetic core member 197 Was Wound 16 turns of 
covered copper Wire having a diameter of 0.3 mm to obtain 
a coil unit 194 comprising a Winding 18 Wound around the 
periphery of the magnetic core member 197. The coil unit 
194 Was bonded to an aluminum sheet (not shoWn) of 50 mm 
in length, 50 mm in Width, and 0.3 mm in thickness, and then 
contained in a protecting case 199 of 51 mm in length, 51 
mm in Width, and 5.5 mm in depth (inner dimensions) made 
of an ABS (acrylonitrile-butadiene-styrene) resin having a 
thickness of 1.0 mm. The coil unit 194 contained in the 
protecting case 199 Was considered as Example 8. 

Example 9 

80% by Weight of nylon resin Was mixed With ferrite 
powder having an average particle diameter of 50 um, 
folloWed by injection molding to form a magnetic core 
member of 35 mm in length, 35 mm in Width, and 2 mm in 
thickness. Around the magnetic core member Was Wound 20 
turns of covered copper Wire having a diameter of 0.3 mm 
to obtain a coil unit comprising the Winding Wound around 
the periphery of the magnetic core member. The coil unit 
Was considered as Example 9. 

Example 10 

80% by Weight of nylon resin Was mixed With ferrite 
poWder having an average particle diameter of 50 pm and 
carbonyl iron poWder having an average particle diameter of 
2 pm, folloWed by injection molding to form a magnetic core 
member of 35 mm in length, 35 mm in Width, and 2 mm in 
thickness. Around the magnetic core member Was Wound 24 
turns of covered copper Wire having a diameter of 0.3 mm 
to obtain a coil unit comprising the Winding Wound around 
the periphery of the magnetic core member. The coil unit 
Was considered as Example 10. 

Example 11 

As shoWn in FIGS. 17 to 19, to both ends of the Winding 
18 of the coil unit 194 of Example 8 Was connected a 
capacitor 16 having an electrostatic capacity of 56 pF. The 
capacitor 16 and the coil unit 194 Were contained in the 
protecting case 199 to form a tag 192 as Example 11. The 
resonance frequency of the tag 192 Was 8.2 NHZ. 

Example 12 

To both ends of the Winding of the coil unit of Example 
9 Was connected a capacitor having an electrostatic capacity 
of 68 pF to form a tag as Example 12. The resonance 
frequency of the tag Was 8.5 NHZ. 










